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The  experiments  herein  reported  provide  data  on  the  relations 
between  mimber  and  sound  pressure  level  of  aeoustlo  tmpalnmm 
as  a  function  of  the  suseeptablllty  of  different  people  to 
auditory  fatigue.  Thla  Information  plus  prevlooely  obtained  data 
on  the  effeets  of  pulse  repetltlcxi  rate  and  the  results  of  planned 
experlaienta  on  the  effeets  of  rise  time  should  provide  the  beels 
fop  establishing  s  general  description  of  tbs  sffsets  of  gun  noise 
on  auditory  fatigue.  This  desorlptlon  should  provide  the  ne»ns 
for  speolfYlng  the  noise  oharaeterlstles  of  wespone  and  opera¬ 
tional  procedures  for  their  use  with  respect  to  proteotion  of  the 
hearing  of  military  personnel. 
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The  fpr^at  variability  In  the  susceptibility  of  different  persons 
ro  impulses^  probably  due  tc>  vailatlons  In  the  behavior  of  the 
auditory  reflex,  suggests  that  damage  risk  criteria  for  Imptilse 
noise  Eiuat  te  designed  to  protect  those  persona  with  ears  far 
mere  sensitive  than  those  possessed  by  the  average  person. 
Indlvioual  differences  in  sasceptlbility  to  auditory  fatigue  are 
much  greater  for  impulse  'hac  Tor  steady  state  noise. 

Cue  of  tiie  experiments  cundacted  revealed  that  persons  susceptible 
to  a'idltox7  fatigue  from  Impulse  nclae  were  not  necessarily  more 
or  loss  suseeptlble  to  e^nady  state  noise. 


Note:  Copies  of  this  report  are  filed  with  the  Armed  Services 
'nschnlcal  Information  Agency,  Arlington  Hall  Station, 
Arlington  12,  Virginia,  and  may  be  obtained  from  that 
agency  by  qualified  Investigators  working  under  Qovernment 
Contract. 
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experiments  on  the  effects  of  rise  tixoe  slwuld  provide  the  basis 
for  establishing  &  general  description  of  the  affecta  of  gun  nolae 
on  auditory  fatigue.  Thia  description  should  provide  the  aea:<s 
for  speeifjrlng  th^  noise  characteristics  of  weapons  and  opera¬ 
tional  procedures  for  their  use  with  respect  to  protection  .■>  bhe 
hearing  of  military  pez'sonnel. 
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The  i^eat;.  variability  lr<  the  susceptibility  of  different  persona 
to  liapuisea,  probably  due  to  variations  in  the  behavior  of  the 
auditory  reflex,  auggeats  that  damage  risk  criteria  for  impulse 
noise  miet  be  designed  t :  protect  those  persons  with  ears  f’^r 
more  senclti"?  then  th08<’  poaseaaed  by  the  average  person. 
Indlvldoa?  differences  in  s'.taceptlbillcy  tc  auditory  fatigue  are 
much  gj'aat.er  for  Imp.Jae  than  for  ateady  state  noise. 

'.'Tie  of  the  expe.-'lffients  conducted  revealed  that  persons  susceptible 
tc  auditory  fatigue  from  Impulse  noise  were  not  neoessarlly  more 
er  leas  susceptible  to  steady  state  noise. 
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on  the  effects  of  pulse  repetition  rate  and  the  results  of  planned 
experiments  on  the  effects  of  rise  time  should  provide  the  basis 
for  establlahlng  a  general  description  of  the  effects  of  gun  noise 
on  auditory  fatigue.  This  description  should  provide  the  meens 
for  specifying  the  noise  characteristics  of  weapons  and  opera¬ 
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hearing  of  military  personnel. 


H 


Report  No.  9^9 


The  (jrwat  varlahlilty  Ir.  che  ou-oceptlbl'.lty  of  dlffererat  per  hors 
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nkvre  sensitive  then  *ho8e  pcaeessed  by  the  average  person. 

•  Jndlvldoaj  dJ i f e-em In  aueceptlblllty  to  auditory  fatigue  are 
much  gT'eacer  f'l  r  Jn-p.^iae  r/ian  for  steady  state  noise. 

One  or  the  experiments  conujcted  /evealed  that  persons  ausoeptlblo 
tr  aidl.t;-ry  fatigue  from  impalee  noise  were  not  neceasarlly  more 
or  less  e  iseeptlble  to  steady  st/Ste  noise. 
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on  auditory  fatigue.  This  description  should  provide  the  mearie 
for  specifying  the  noise  characteristics  of  wespons  and  opera¬ 
tional  proced:jrea  for  their  use  with  respect  to  protection  of  the 
hearing  of  military  personnel. 
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Tne  ,jr«at  variability  li^  the  susceptibility  or  different  persons 
to  iiBpulsea,  probably  clu«»  to  variations  In  the  behavior  of  tlw 
a^dljoii'  reflex,  au^gestH  that  damage  risk  criteria  for-  iiBpuI.8e 
nciae  rTjst  be  designed  tc-  protect  those  persons  with  ears  t^v 
more  sensitive  than  those  pc-aaesaed  by  the  average  peraon. 
indlvtdjari,  differences  li.  a usceptlttiity  tc  audltcity  fatlg'ae  are 
much  gi'eecer  for  lBp\-.i3e  than  for  steady  atate  rioise. 
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to  auditory  fatigue  frcm  impalee  noise  were  not  necessarily  more 
or  VsHii  susceptible  ro  steady  state  noise. 
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mere  sonsUivi?  than  those  pcsseoaed  by  the  average  person. 

Indi  '/lclijai  dl in  susceptibility  tf;  a*idltcry  fatig’ie  are 
muc  h  g-'eater  I'.iT  imp-Ise  than  for  steady  state  noise . 

(.nt  the  erper’mer’t  conducted  revea.led  that  persona  susceptible 
tc  aidJtcry  fatigue  from  Impulse  noise  were  not  necesaarlly  more 
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The  (ji-oat  variability  in  the  ausccptlblllty  of  different  pex-aona 
to  Inipulees,  probably  due  to  vai'tations  in  the  behavior  of  the 
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nK>re  sensitive  than  those  posseosed  by  the  average  person. 
Indtvlcluai.  c'.lfferences  In  saaceptibility  tc  auditory  fatigue  are 
much  gi-’eater  for  impulse  than  for  steedy  state  noise. 
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much  gi’uster  fer  liLp.;lse  than  for  steady  state  noise. 
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The  experiments  herein  reported  provide  data  on  the  relations 
between  number  and  sound  pressure  level  of  aeoastle  Impulses 
as  a  funotlon  of  the  susceptablllty  of  different  pe4q)le  to 
auditory  fatigue.  This  Information  plus  previously  obtained  data 
on  the  effects  of  pttlse  repetition  rate  and  the  results  of  planned 
experiments  on  the  effects  of  rise  time  should  provide  the  basis 
for  establishing  a  general  description  of  the  effects  of  gtn  noise 
on  auditory  fatigue.  This  description  should  provide  the  msi-as 
for  specifying  the  noise  characteristics  of  wemams  and  apmn- 
tlonal  procedures  for  their  use  with  respect  to  protection  of  the 
hearing  of  military  personnel. 
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The  grea'-  variability  In  the  ausceptlbillty  ot  different  persons 
to  Impulses ,  probably  due  to  variations  in  the  behavior  of  thn 
cudltery  reflex,  suggests  that  damage  risk  criteria  for  iaqwlse 
noise  must  be  designed  to  protect  those?  persons  with  ears  far 
more  sensitive  t>ian  those  pcseessed  by  the  average  person. 
Individual  dllferences  in  susceptibility  vo  auditory  fatigue  are 
mueh  greater  fur  Impuise  t^isn  for  steady  state  noise. 

One  cf  the  experiments  conducted  revea.'  ed  that  persons  susceptible 
to  auditory  fatigue  from  Impulse  nol se  were  not  necessarily  acre 
or  less  susceptible  to  steady  state  noise. 


Note:  Copies  of  this  report  are  filed  with  the  Armed  Services 
Tsehnlcail  Information  Agency,  Arlington  Rbll  Station, 
Arlington  12,  Virginia,  and  may  be  obtained  from  that 
agency  by  qualified  Investigators  working  under  Oovenawnt 
Contract. 
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STUDIES  OF  TEMPORARY  TltRESIXJLU  SHIFT  CAUSED 
BY  moil  INTENSITY  ACOUSTIC  mANSIENTS 


Norraan  L.  Carter  and  Karl  D.  Kryter 


Bolt  Baranck  and  K'cvmun  Inc. 

50  Moulton  Street 
Cambridsc  33,  Maoeachusetts 


INTRODUCTION 

The  preaent  series  of  experiments  follow  from  a  pnllinlnary 
study  described  In  BBN  Report  No.  916^.  That  8tad|f«  now 
colle>l  Experiment  I,  vjos  concerned  v/lth  the  effect  of  pulse 
repetition  rate  {pulses  per  second)  and  the  nuBdier  of  pulses 
upon  thresholds  for  pure  tones  In  the  frequency  range  of  2500 
to  10000  cps.  Each  pulse  p.  ♦•rlangiilar  acoustic  waveform, 
with  a  rise  time  of  0.5  millisecond,  duration  1  millisecond 
and  peak  sound  pressure  level  I6O  db  re  .CC02  ulerobar. 

Pulse  rates  used  were  1,  5,  10,  20,  40  and  80  pulses  per  sec¬ 
ond  (.PP3).  The  numbers  of  pulses  were  5<  10,  20,  40  and  80. 

That  study  allowed  the  following  tentative  ooncluslona: 

(1)  tlw  frequency  of  maximum  loss  j.s  in  the  reglea  of  4000- 
5000  opa;  (2)  the  repetition  rate  moat  UJkely  to  produce 
temporary  threshold  shift  was  1  PPS;  and  (3)  the  TB  Increase! 
with  the  number  of  pulses. 

One  feature  of  the  results  was  that  even  though  the  hearing 
losses  were  for  the  most  part  small  and  unreliable,  there  wae 
no  doubt  that  those  moderately  large  losses  that  did  take  place 
were  "real”  and  not  artlfaots  of  the  hearing  teats.  It  wae 
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fiuppsaod  that  the  explanation  for  thla  might  be  that  people 
hove  "threaholda”  for  acouatic  trauma  alntllar  to  abeoluto 
threaholdo  for  hearings  and  that  apart  from  day  to  day  varia¬ 
tions  In  the  ear  there  la  an  "acouatic  trauma  threshold  value" 
of  X  number  of  pulses  for  each  person  (assuming  other  relevant 
parameters  such  as  repetition  rato>  peak  to  peak  level,  rise 
time,  ate,,  are  constant).  If  this  »ere  true  the  variability  In 
the  results  of  Experiment  I  could  be  due  to  the  characteristics 
of  the  particular  subjects  Involved  as  well  as  the  pax'ticular 
values  of  rise  time,  duration,  repetition  rate,  number  of  pulses 
and  peak  to  peak  level  chat  wore  ueed. 

Ihe  assumption  of  an  acoustic  trauma  threshold  for  pulses  also 
Implies  that  onco  this  threshold  Is  reached,  TIS  will  show  the 
same  function  of  number  of  pulses  for  all  normal  ears,  regard¬ 
less  of  their  particular  ATT  values.*  If  this  Is  so,  then 
prolonged  and  expansive  experimentation  would  be  avoided  by 
selecting  subjects  from  the  low  end  of  the  ATT  continuum. 


*In  this  discussion  the  type  of  function  of  ns  above  ATT  for 
any  parameter  had  not  been  mentioned^ It  may  be  continuous  or 
a  step  function  (e.g.,  0  db  to  X  db  TTS)  for  any  parameter. 
Tlda  and  other  experlraantal  problems,  such  as  the  relation  of 
ATT  to  other  auditory  thresholds,  are  considered  in  experi¬ 
ments  reported  below. 
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EXPERIMENT  II 

Cursory  e.xaminat.ton  of  the  data  of  ^perlment  I  suggested  that 
cn  average  of  one  out  of  four  normal  hearing  young  adults  could 
te  expected  to  show  moderate  hearing  losses  (over  20  db)  30  sec¬ 
onds  to  two  mlmites  after  exposiire  to  80  triangular  acoustic 
pulses  (0.5  mllllscbond  rise  time.  1  millisecond  duration,  168  db 
peak  to  peak)  at  a  repetition  rate  of  1  PPS.  Accordingly  It 
was  .anticipated  that  if  such  an  exposure  were  given  to  60  col¬ 
lege  students  15  of  them  would  show  losses  greater  than  20  db. 

Caution  dictated,  however,  that  In  the  present  context,  where 
large  numbers  of  subjects  are  involved  and  the  range  of  sensl- 
tivlt:/  T-o  this  stimulus  is  unknown,  subjects  should  first  be 
expos jd  to  ho  pulses  only,  at  lower  peak  to  peak  levels,  nie 
number  of  pxilsea,  and  possibly  their  level,  could  then  be  In- 
oreas'Cd  for  those  subjects  showing  no  significant  threshold 
shift,  until  a  criterion  (say,  10  db  TIS)  was  reached. 

.^aparntiia  and  Procedure 

the  apparatus  used  in  generating  tho  acoustic  stimuli  has  been 

o 

dcscrlbr'd  In  detail  In  a  previous  report.  It  consisted  of  an 
arbitrary  function  generator,  or  photolbrmer,  capable  of  gener¬ 
ating  any  desired  electrical  waveform  (voltage  by  tine),  an 
amplifier  for  amplifying  and  controlling  the  peek  voltage  and 
a  smallj  high  Intmslty  loudspeaker  (XI.H  6.5)  mounted  on  a 
headbnnc'  end  held  firmly  against  the  subject's  heed  during 
exposwe.  The  U}vel  of  the  acoustic  pulse  was  measured  by 
placing  the  earphone  on  a  dusay  head  with  a  microphone  (Altec  21 
HR  200)  In  the  simulated  ear  canal  and  leading  tlie  output  of 
the  microphone  to  an  oaolllosoope  (Dumont  Igrpe  304  AR).  The 
vertical  axis  of  this  scope  was  previously  calibrated  using  a 
BBN  acoustic  calibrator  (308-C-3).  l^e  rise  time  and  duration  ^ 

of  the  pu1.se  were  read  off  the  scope  In  a  similar  way,  after  | 

i 

I 


-3- 


Rcpcrt  No.  9‘t9 


Bolt  Bsr-anck  and  Navnnan  Inc. 


oa libra tins  tha  horizontal  axle  with  a  lOCC  cps  sine  wave. 
Photographs  of  the  photofonner  maok,  oloctrical  output  of  the 
atnpllflcrj  and  the  acoustic  pulse  as  shown  on  the  oscll.Toseope 
are  presented  In  Pig.  1. 

llearlng  lossaa  were  measured  by  a  subject-operated  Bekesy  aud-lo- 
mcter  (ira.son  Stadler  type  S-3oo).  Aa  In  Experiment  I  testa  ware 
made  before  and  after  exposure,  but  it  was  decided  to  drop  the 
method  of  recording  hearing  losses  In  tert's  of  a  single  "loss 
numbed"  as  v.'aa  done  for  Experiment  I,  In  favor  of  the  tisual 
method  of  db  ttu-cshold  sMft  at  each  test  fx-equency. 

rest  frequencies  were  2000,  400C,  8000  and  500  cps,  tested  In 
that  order  for  30  seconds  each,  before  and  after  exposure.  The 
first  frequency  tested  after  the  train  of  high  intensity  pulses 
was  2000  cps,  begun  30  seconds  post  exposure.  Aa  la  uaual  in 
thlr  type  of  pure  tone  threshold,  audiometry  threshold  at  any 
frequency  was  the  average  of  the  midpoints  of  the  excursions 
over  the  time  the  frequency  was  tested. 

Porty-flve  noiiaal  hearing  college  students  (29  male,  16  female) 
ware  exposed  to  the  acoustic  transients  In  the  sequence,  and  at 
the  levels  Indicated  In  liable  1.  In  some  Instances  the  pure 
tone  thresholds  were  tested  a  second  time  after  exposure.  This 
generally  indicated  that  the  losses  were  "real"  and  not  due  tv 
some  artifact  connected  with  the  subject's  Inexperience  with 
audiometry. 

Results 

Tiwa  results  presented  in  liable  1  confirm  that  there  is  a  con¬ 
siderable  range  in  the  ausoeptlblllty  of  young  adult  TUbJeots 
to  TT5  Induced  by  this  type  of  "Impulse"  noise.  Large  Individ¬ 
ual  differences  In  susceptibility  to  Impulse  noise  can  also  be 
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seen  :'.n  Pis-  2  vhero  Tor  tha  ^3  iubjecta  we  have  plotted  the 
d.'str;lbtition  of  thrsaholde  following  expoooro  to  Isgnilac  nolae 
and  i-’ie  dietrlcution  of  pre-exposure  thrsaholds.  Slalllar  vai-1- 
ablli'iy  among  nubjscta  with  respect  to  their  ausceptlbility  to 
auditory  fafciruo  from  acoustic  Impulses  was  found  by  Vaid  et  al  . 

Tiiu  uecorwl  aim  of  tliis  t-xpcriment  t^as  to  select  subjects  for 
later  w<;rlc.  Eighteen  of  the  ^5  subjects  of  Ihble  1  show  a  greater 
than  10  db  loss  at  oii<i  or  more  freijwnciea  following  120  pulses 
{or  lijsn)  of  lo6  db  peak  to  peak  (or  lower).  Ubeaa  subjects  are 
indicated  by  an  asterisk;  the  Inltiallsd  noBbera  are  the  subjects 
who  pj-'^T^ed  avalluble  for  the  later  exporiaenta. 
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EXFBRZXSN7  III 

Bxperimont  I  Indicated,  aa  might  be  expeoted,  that  TTS  increased 
aa  a  function  of  the  number  of  pulses.  Ihe  present  study  was 
intended  to  get  quantitative  data  on  the  shape  of  this  function. 

Apparatus  and  Procedure 

Die  apparatus  for  producing  the  stimuli  and  determining  purs 
tone  thresholds  was  identical  with  that  xtsed  in  the  Bxperlment  XI 
condition.  Rise  tine  of  the  pulsos  was  again  0.5  miliaeeond, 
duration  1.0  mllliaecond,  and  repetition  rate  1  PPS.  Ihs  audio¬ 
metry  was  also  similar.  Pre-exposure  threshold**,  were  the  mean 
of  at  least  two  audiograms  giving  threshold  as  a  continuous 
function  of  frequency  from  2000  to  10000  ops.  Each  audiogram 
cook  70  seconds  to  ccxnplote.  Post-exposure  audiograms  were  be¬ 
gun  30  seconds  and  usually  also  3  minutes  after  the  last  pulse. 
Audiograms  were  also  run  6,  12  and,  in  many  eases,  24  minutes 
post  exposure  if  recovery  was  not  eoiqplete  and  the  schedule 
allowed.  16  subjects  were  used.  14  of  these  are  shown  with 
initials  and  asterisks  in  Ihble  1.  Subject  number  43  was  not 
available,  but  was  replaced  by  a  non-sensitive  subject  (B.3. ) 
to  increase  (hopefully)  the  variance  in  our  sample.  One  other 
subject  (T.H. }  was  included  because  of  his  experience  of  audio¬ 
metry  in  other  experiments  and  because  an  initial  exposure  gsve 
signigioant  TIS. 

Die  experimental  procedure  consisted  of  repeated  expostires  for 
esch  subject  (one  day  between  exposures)  in  a  trial  and  error 
approach  to  a  criterion  maximiai  threshold  shift  of  between  30 
and  4o  db  in  the  first  audiogram  after  exposure.  Ihs  usual 
method  was  to  guess  at  an  exposure  capable  of  minimal  signifi¬ 
cant  TUB  (i.e.  the  ATT  for  number  of  pulses)  using,  in  all  but 
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two  Instancesj*  a  peak  to  peak  pulse  level  of  168  db.  If  the 
criterion  TIS  was  reached  quickly,  the  number  of  ptilaes  was 
dropped  In  the  ratio  of  3/^*  VS  and  1/k  that  number;  other¬ 
wise  the  procedure  was  to  Increase  the  number  of  pulses  dxirlng 
subsequent  exposures. 

Results 

The  foregoing  experloental  procedure  resulted  In  measures  of 
temporary  threshold  shift  at  13  freqiiencles  30  to  95  seconds 
after  exposure,  18C  to  245  seconds  after,  etc.  depending  on  the 
frequency  measured  and  the  post-exposure  audiogram.  In  order 
to  compare  our  data  with  those  reported  by  other  Investigators 
it  was  decided  to  use  recovery  curves  previously  dete.Tmined 
from  exposures  to  steady  state  noise  to  estimate  the  hearing 
loss  two  minutes  after  exposure,  from  the  first  post-exp^'^sure 
audiogram.  The  curves  used  for  this  are  given  In  Rig.  3> 

The  extrapolated  TTS^  values  were  plotted  tor  each  subject  as 
a  function  of  the  msaber  of  pulses  In  the  exposure.  Separate 
figures  were  prepared  for  test  frequencies  2000  eps  (see  Rig.  4, 
6,  8}  and  the  means  of  TTSg  at  2200-2500  eps,  3000-3500,  4000- 
4500  (see  Rig.  5,  7,  9),  5000-5500,  6000-7000,  and  8OOO-90OO  ops. 

Beta  already  given  have  shown  that  wide  individual  differences 
exist  in  susceptibility  to  l^^se  noise.  FTellminary  examins- 
ticn  of  the  present  data  indicates  that  this  is  true  even  for  the 
selected  group  of  16  subjects  used  In  the  present  study. 


*0ne  subject  (B.K. )  objected  to  peak  to  peak  levels  above  162  db 
on  the  grounds  that  they  hurt.  The  other  (W.B.)  proved  hi|d>ly 
susceptible  to  the  pulses.  Pulse  level  was,  tharel'ore,  dropp^ 
in  V.B.  's  case  to  I56  db  peak  to  peak  and  the  experiment  con¬ 
tinued  as  with  the  other  subjects. 
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For  this  reason  the  results  from  the  16  experimental  subjects 
were  divided  Into  three  groups.  Restilts  for  the  six  most  sensi¬ 
tive  subject:^  are  plotted  In  Figs.  4  and  5,  the  three  next  most 
sensitive  In  Figs.  6  and  7  and  for  the  seven  least  sensitive  In 
Figs.  8  and  9. 

Clear  association  between  number  of  pulses  and  nS2 
qxaency  la  present  In  only  the  first  two  of  these  groups*  total¬ 
ling  nine  subjects.  Data  from  the  remaining  seven  subjects 
(Figs.  8  and  9)  are  not  Included* In  the  figures  following  Fig.  9 
becauno  they  show  no  sl^ilf leant  hearing  loss. 

the  considerable  decree  of  variation  still  present  within  each 
group  suggested  the  further  classification  of  the  two  most  sen¬ 
sitive  groups  Into  four  sub-groups,  'iha  most  swisltlve  sub¬ 
group  now  eonprlsed  subjects  W.B.*  C.O.;  the  second  most  sensi¬ 
tive*  subjects  S.C.*  V.H.*  D.M.  and  W.R.;  The  third*  subject 
H.P.;  and  the  fourth  onst  sensitive  sub-group*  svibjects  J.H.  * 

B.X.  Mean  TTSg  at  each  of  the  test  fre4iusneles  were  plotted 
for  each  of  these  four  sub-groups  as  a  function  of  the  number 
of  pulses.  Bxamples  of  the  test  frequencies  of  2000  and  mean 
of  average  snd  4000  and  4500  ops  are  presented  In  Figs.  10  and 
11.  Hie  smoothed  curves  fitted  visually  to  these  data  are  re¬ 
drawn  in  Figs.  12-15  for  each  ftequeney  and  each  sub-group.  Use 
curves  are  superlsgxised  In  Fig.  15  snd  average  curves  over  aX> 
teat  Areqiisnoles  drawn  for  each  sub-group  of  subjects  In  Fig.  16. 

Discussion 

In  setting  up  the  experimental  procedure  and  initial  plot  of  the 
data  of  Sxperlment  Ill  three  assumptions  were  made.  First  It 
was  assumed  that  a  series  of  impulse-type  noises  acts  cumulatively 
In  produtjlng  temporary  threshold  shilt,  l.e.  that  hearing  loss 
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can  re8tU.t  from  a  aeries  of  othervrlse  harmless  lapulslve  uulses 
If  they  occur  close  snaMgfi  together  In  time.  Second,  It  was 
assumed  that  lndlv.i.dt;jjl  differences  In  the  amount  of  fol¬ 
lowing  a  sci'les  of  acoustic  pulses  were  due  to  differences  In 
the  numter  of  pulses  necessary  to  produca  Initial  threshold 
shift.  The  number  of  pulses  thought  to  be  necessary  to  produce 
temporary  threshold  shift  persisting  for  two  minutes  after  ex¬ 
posure-  was  called  "acoustic  trauma  threshold  (AR)  for  number  of 
pulses."  The  thli-d  assumption  msa  L^iat  the  rate  of  Increase  of 
TTSg  Es  the  number  of  pulses  Is  Increased  Is  the  same  for  all 
ears  cnee  the  critical  number  of  pulses  known  as  ”ATT  for  rnanber 
of  pulses"  was  reached. 

fact  tliat  all  of  the  smoothed  curves  of  Pigs.  12-16  are 
exponential  in  form  suggested  chat  a  family  of  curves  of  the 
same  general  form  could  taka  account  of  the  diversity  of  the 
data  and  still  provide  a  general  account  of  the  relation  between 
TTSg  rnanber  of  pvilaee. 

Our  assumption  that  the  function  relating  ntnnber  of  pulses  and 
TTS2  Is  the  same  form  for  all  individuals  can  be  malntslnsd 
while  still  keeping  a  good  fit  to  the  data  tty  use  of  the  set  of 
curves  Illustrated  in  Pig.  17. 

Tte  plausibility  of  this  as  a  general  hypothesis  of  the  rslst^on 
between  ntmber  of  pulses  and  TTSg  aided  someidat  by  the  fbot 
that  In  extrapolating  the  i^spermost  eu-vs  the  line  can  be  msde 
to  merge  quite  easily  with  the  50  db  level,  hoeewnly  taken  as 
the  point  beyond  which  the  likelihood  of  permanent  damage  Is 
Increased.  At  this  level  also  the  rate  of  recovery  of  TXSg 
X.''  reduoad.'*^  While  the  reasons  for  these  phenomena  are 

obscure,  their  ocoxirrence  after  "TTS^"  of  50  db  or  more  suggests 
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that  this  la  the  “th-”eahol<l"  of  ponaansnt  daoaga,  wiilch  may  have 
a  different  aec.'iar  .ibm  to  TTS,  and  produce  a  curve  of  different 
ahape  to  the  rathsr  complete  appearing  pattern  of  curves  suggested 
in  Fig.  17. 

Comparison  of  Figa.  15  and  16  shows  the  general  similarity  of 
the  cun;ea  with  those  In  the  hypothetical  case  of  Pig.  17. 

Such  curves  are  3enorally  known  as  Owopertz  curves,  the  general 
equation  of  which  ‘ina  tlie  form 


l.e.  the  dependent  variable  is  a  double  expotientlal  function  of 
X,  and  V  is  a  constant  w/ilch  gives  the  hypothetical  or  empirically 
detarmlned  upper  limit  for  Y.  The  equation  generates  both  the 
negatively  accelerating  function  shown  by  our  most  sensitive 
subjects  and  an  initially  positively  accelerating  function,  de- 
pendlr.g  upon  whether  or  not  the  constant  g  Is  more  or  less  than 
It.  both  cases  g  and  h  must  be  fractional  and  positive  to 
give  the  initially  positively  accelerated  and  then  negatively 
accelerated  functions  suggested  In  Pig.  17.  In  the  present 
context  Y  and  X  are  the  variables  TESg  and  number  of  pulses  re¬ 
spectively,  V  Is  the  empirically  detemlned  (or  guessed)  50  db 
upper  limit  of  TTS2,  2  la  the  Y  intercept,  or  amount  of  TI32 
after  a  single  pulse  and  h  Is  tha  rata  of  growth  of  TTS^  with 
nvnber  of  pulses. 


Itests  of  this  hypothetical  relation  are  given  In  Pigs.  18  and  19. 
Ihe  data  points  of  Pig.  13  are  the  averago  TIS2  over  all  test 
ftTsquancles  (2000-9000  epa)  for  designated  g(roups  of  subjects 
as  a  function  of  number  of  pulses.  Pig.  19  gives  the  same  In¬ 
formation  for  average  TT32  at  4000  and  4500  cps.  Is  ths 
point  of  Inflection  of  the  smoothed  curves,  l.e.  that  vs.lus  of 
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X  at  which  tho  curve  changes  from  a  positively  to  s  negatively 
accelerated  slope.  It  Is  noteworthy  that  this  occurs  In  all 
oases  at  about  17.5  db  TlSg. 

For  three  out  of  the  four  aub-groups  (seven  of  the  nine  siabjeots) 
the  second  exponent  h  is  very  close  to  the  sow  value  (.932). 

The  sane  exponent  for  the  fourth  sub~group  averages  .950.  Uie 
relatively  small  degree  of  variation  In  this  exponent^  which 
represents  the  rate  of  growth  of  TTS2  with  amber  of  pulses*  Is 
regarded  as  Justifying  the  original  assunptloa  that  the  rate  of 
growth  of  TTSg  with  number  of  pulses  wa»  the  same  for  all  ears 
regardless  of  their  "acoustic  trauma  threshold." 

Since  the  smallest  number  of  pulses  to  which  the  ear  can  be 
exposed  .'■s  one,  the  constant  "g, "  or  the  point  of  origin  of'  the 
growth  function.  Is  the  proportion  of  50  db  TXSg  ® 

single  pulae.  It  is  interpreted  roughly  ae  the  extent  to  which 
the  subject's  ATT'a  taro  been  overreached  by  the  peak  to  peak* 
SPL's  of  tta  particular  pulae  used  In  this  experlnent.  In  this 
aenae  It  is  a  measure  of  Individual  differences  In  suscepti¬ 
bility. 

Host  of  tho  difference  between  tta  smoothed  eurves  of  Figs.  I8  and 
19  can  be  attributed  to  variation  In  thla  constant,  stqpportlng 
tha  third  aasiaaptlon  that  tta  aource  of  individual  dlffarsnca  j 
la  In  tta  point  at  which  TESg  first  appears  rsthsr  than  tta  rata^^ 
at  which  It  grows  after  tta  subject 'a  "aooustlo  traum  threshold" 
la  reaol^.  It  la  important  to  note,  however,  thst  the  oqu*41on 
Y  -  Vgn  Implies  that  if  "g"  equals  zero  (there  being  no  loss 
after  a  single  pulse)  TTSg  will  continue  to  equal  zero  no  natter 
how  many  pulses  are  presented.  Ihla  ImpUoatlon  la  confirmed 
emplr-celly  In  our  data  by  the  failure  of  seven  of  our  sixteen 
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aubjecta  to  show  significant  TTSg  after  as  many  aa  200  auceesa- 
Ive  pnluea.  Our  second  aastmiptlon  that  individual  dlffereneea 
conalst  in  port  of  the  number  of  pulaea  neeeaaary  to  produce 
Inltlnl  thrcahold  fhift  ahould  therefore  be  dropped  In  favor  of 
apeolfVIng  the  ACT  In  terms  of  parameters  of  the  single  pulse 
neeeaoary  to  produce  an  lnflnli:ely  small  but  significant  CTSg 
and  hence  "g."  In  practice  this  will,  of  course.  Involve  ex- 
posln;;  some  subjects  to  more  than  one  pulse,  unless  the  methods 
of  detecting  TTSg  are  Improved. 

Ihe  uueltUness  of  these  values  of  ”g"  as  a  measure  of  Individual 
Biiaccptlblllty  to  this  type  of  pulse  Is  limited,  since  the  par¬ 
ticular  values  derived  In  this  experiment  obviously  apply  only  to 
this  repetition  rate  and  peak  to  peaic  levels,  in  order  to  derive 
a  scale  of  susceptibility  to  this  type  of  pulse  which  would  be 
applicable  to  all  people  It  would  be  necessary  to  know  the  low¬ 
est  level  at  wlilch  a  pulse  of  the  type  we  are  using  was  capable 
of  producing  some  CTS2,  no  natter  how  small,  in  the  least  sus¬ 
ceptible  ears.  Ttte  same  exposure  could  ooneeivobly  produce  the 
naxloum  (50  db^  CTS^  In  eoaa  ears,  whose  "g”  would  thm  e<jual 
one.  Presumably  there  would  be  a  distribution  of  CTSg  between 
these  Unite,  and  hence  a  dls^lbutlon  of  *'g''  to  be  entered  In 
the  equation  TIS2  *•  50  (g)*^^.  If,  for  example,  8  showed  a 
CTS2  of  3  db  following  exposure  to  one  pulse  at  this  level,  than 
it  could  be  calculated  that  bis  CTS2  after  80  such  pulses  would  be 

CTSg  -  50(.16)’5®®^ 

-  50(.16)*^33 

•  32.6  db. 
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Such  a  calculation  procodure  would  still  be  Halted  to  triangular 
acoustical  wavefonoe  with  a  rise  tine  of  0.5  Billisecond,  dura¬ 
tion  1.0  mlTllsecond,  and  a  repetition  rate  of  1  PPS.  It  would 
also  apply  to  only  one  peak  to  peak  pulse  level. 

fbwever,  an-ivlng  at  the  corrections  to  be  applied  for  altera¬ 
tions  in  peak  to  peak  level  of  the  pulse,  rise  tlae.  and  dura¬ 
tion  should  be  relatively  straightforward,  and  work  is  progress¬ 
ing  under  U.  3.  Amor  sponsorship  at  our  laboratory  and  elsewhere 
on  these  questions,  pijrther  conflrnation  of  the  50  db  "guessed'' 
"safe"  uppez*  limit  for  is  also  required.  Although  we  feel 
that  ttie  ^«ypothesls  developed  above  for  growth  of  TTS  as  a  func¬ 
tion  of  the  number  of  exposures  may  have  promise  as  a  general 
description  of  the  growth  of  TIS  iron  aoouatls  lapulses.  It  is 
put  forth  hsre  as  but  one  possibility  worthy  of  discussion. 

ii 

In  an  exploratory  study  on  TTS  from  impulses,  Mbrd  et  al  con¬ 
cluded  that  the  growth  of  'TBS  for  moat  frequaneles  is  linear 
with  time,  or  number  of  pulses  when  given  et  a  constant  rate. 

Wa  are  not  at  all  sure  that  the  fitting  of  straight  lines  to 
our  data  to  indicate  a  linear  growth  in  T1S  es  e  fUnotlon  of 
number  of  pulses  would  not  ultimately  prove  to  be  the  best  pro¬ 
cedure.  Die  neoessity  of  averaging  data  suah  as  oars  aeroas  a 
Halted  manber  of  subjects  can  easily  result  in  alslesding, 
though  suggestively  interesting,  curvatures. 
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EXPEItlMlCNT  IV 

ITila  experiment  waa  dualgned  to  explore  tiie  erfeet  of  peak  to 
peal:  pul.8e  level  upon  TIS^*  Ifie  audlomctrlc  test  procedure 
was  the  same  as  that  used  in  the  previous  study.  Ihe  subject* 
were  the  nine  most  sensitive  subjects  (W.B. >  C.O. «  S.C. «  N.H. « 
D.M,,  W.R, ,  H.P.j  J.H.  and  B.K.)  of  Experiment  III. 

Por  tlUr.  study  we  exposed  che  subjects  to  Impulses  at  peak  to 
peak  uotuid  pressure  levels  of  I56  and  l62  db.  Comparable  data 
for  a  level  of  I6G  db  was  available  from  the  results  of  Scperl- 
ment  III.  All  other  variables.  Including  the  nundier  of  pulses 
and  the  repetition  rate,  were  held  constant. 

Results 

Examples  of  the  results  of  this  procadure  are  given  in  Figs. 

20  and  21.  Hie  hearing  losses,  from  first  audiogram  begun  30 
seconds  after  exposure,  were  corrected  to  2  minutes  post  ex¬ 
posure  by  using  the  recovery  curves  of  Fig.  3. 

VOiile  the  data  for  each  subject  and  teat  frequency  shows  many 
inocnsistencies,  the  mean  TXS^  over  all  subjects  end  test  fre- 
qxiencles,  as  shown  in  Fig.  22,  appears  to  be  linear,  and  to  In¬ 
crease  3  db  with  each  6  db  increase  in  peak  to  peak  level. 
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The  final  experiment  in  Uhls  aerlea  tvas  undertaken  because  of  the 
wide  dirrcrcncca  observed  between  subjects  In  onount  of  TTSg  fol- 
lovilng  comparable  exposures  to  triangular  pulses,  differences 
which  appeared  to  be  greater  than  those  coamonly  foiond  folloMlng 
exposure  to  atead:'  state  pure  tones  or  octave  bend  noise.  Because 
our  subjects  were  aoluc:ted  on  the  basis  oi'  susceptibility  to  la- 
pulse  type  nolae, *  this  experiment  was  aimed  at  finding  out  the 
degree  of  correlation  between  auaceptlblllty  to  lopulae  noise  and 
octave  band  nolae  ratlier  than  at  estimating  tha  size  of  the  vari¬ 
ance  in  TTS2  due  to  the  two  types  of  noise  in  the  population  at 
large. 

Hie  sixteen  subjects  used  for  Experiment  III  were  exposed  to 
10  minutes  of  pre  ruuui-ded  octave  band  noise  In  the  fre<iuenoy 
.  j /igo  1200-2400  cpa.  The  nolae  was  obtained  fron  a  OR  noise 
generator  and  altered  to  a  cutoff  characteristic  of  36  db  per 
octave.  The  overall  sound  pressure  level  of  the  exposure  In  all 
cases  was  110  db,  as  measured  In  the  ear  canal  on  an  artificial 
head. 

Audloiaatrlc  procedure  was  the  same  as  In  Bxiwrlaents  III  and  IV. 
The  first  audiogram  after  exposiiru  began  30  aeeonds  post. 

Rssults 

Hearing  losses,  TTS^,  at  2000  and  4000  cps  are  given  In  Tkble  2. 
Also  given  In  Thbls  2  are:  (a)  the  estimated  average  TXS^  at 
2000  and  4000  cpa  following  exposure  to  60  Ispulsee  at  a  level 
of  168  db  (these  estimates  are  derived  froa  the  data  In  Figs  4-9), 

*However,  because  of  the  small  degree  of  TTS  observed  In  oost 
persons  In  our  saleetlor.  test  (see  Tbble  1),  we  are  not  certain 
that  our  "moderately''  sensitive  sxibjeets  do  not  really  represent 
tha  average  of  the  general  population. 
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(b)  the  ranic  orders  of  Uie  average  TTS^  for  the  two  nolaes#  and 

(c)  the  rank  order  <^o;n’elatlon3  for  the  average  of  the  ns  values 
for  2000  and  ilOOO  cps  and  for  other  teat  frequencies. 

These  cocfflcionts  Indicate  no  significant  positive  correlation 
in  these  16  subjects  bott/oen  susceptibility  to  the  Impulse  type 
noise  and  hearing  losses  due  to  noise  In  the  octave  band  1200- 
2400  cps.  Althougl'i  the  pattern  of  Increasingly  higher  negative 
correlations  with  test  frequanclcs  Is  perhaps  Interesting*  the 
highest  correlation  nt  test  frequencies  6000-9000  epa  Is  nega¬ 
tive  and  accojnts  for  only  of  the  variance. 

The  rssulta  of  this  experiment  slow  a  striking  difference  be¬ 
tween  the  ranges  of  Individual  differences  In  auscaptlbillty  to 
impulse  and  steady  state  noise,  l^iis  is  shown  In  Fig.  23  where 
we  see  that  a  difference  of  about  20  db  separated  the  largest 
and  smallest  TTS  following  exposure  to  steady  state  noise  In 
contrast  to  e  range  of  about  53  db  for  Impulse  noise.  It  Is 
interesting  to  note  that  the  range  between  the  leaet  end  noet 
sensitive  ear  la  about  the  aame  for  the  pre-expoeuro  threaholds 
(see  ?lg.  2}  aa  it  la  following  exposure  to  steady  state  noise. 

The  most  obvious,  but  as  yet  unproven,  explanation  for  this 
greater  variability  Is,  of  course,  that  the  auditory  reflex 
relaxoa  at  different  rates  for  different  subjects  or  oonverso;y, 
la  not  as  readily  elicited  In  sooe  persons  as  In  others.  Al¬ 
though  It  Is  believed  that  the  isusclee  Involved  in  the  auditory 
reflex  relax  in  the  typlcol  ear  In  o  matter  of  a  few  hundred 
milliseconds,  our  data  sxiggeet  that  In  the  "tougher"  ears  per- 
hapa  the  muscles  are  at  least  pertly  constricted  after  as  long 
as  one  second,  thereby  affording  some  protection  from  euceaeding 
impulses  given  at  the  rate  of  1  per  second;  whereas  In  our  j 
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"tender  eai’ed"  subjects  the  muscles  are  completely  relaxed  In 
one  second.  It  Is  also  possible^  of  course*  that  our  "tender 
eared"  subjects  completely  lock  this  reflex.  We  are  planning 
additional  studies  on  this  i>olnt. 

neliabllltv  of  AudlogrumB 

During  the  coiirse  of  the  experiments  Just  reported  we  acetas- 
ulated  n  number  of  "pre -exposure"  uudlograms  (the  audiogram 
given  prior  to  cxpc<sure  to  noise}  for  18  of  our  subjects. 
Hapefully*  these  audiograms  should*  for  each  subject*  be  quite 
similar;  If  so,  the  rather  small  threshold  shifts  noted  as  the 
result  of  exposure  to  Impulse  and  steady  state  noise  eotild  be 
taken  as  significant. 

The  general  reliability  of  the  audiograms  obtained  trom  our 
subjects  Is  given  in  Pig.  24.  The  mean  difference  between  the 
first  pre-exposure  audiogram  and  succeeding  pre-exposure  audio¬ 
grams  (given  at  least  1  day  apart}  Is  -1.2  db*  Indicating  per¬ 
haps  same  slight  isaprovement  by  these  subjects  In  ability  to  find 
thsir  thresholds  with  continued  tuie  of  ths  audlooster.  Ihs  stand¬ 
ard  deviation  of  1.4  db  demonstrates*  however*  that  svsn  with  a 
large  amount  of  audloantrio  testing  (each  subject  had  an  average 
of  10  pre-expoaure  audiograms)  the  audiograms  are  very  consistent. 

Actually*  the  effects  of  noise  on  hearing  Is  taken  as  ths  differ¬ 
ence  between  two  audlograsis  taken  in  fairly  close  suooession. 

This  testing  procedure  Is  approximated  If  we  take  the  first  two 
pre-exposure  nudiograns  for  csch  subject  and  compare  the  differ¬ 
ence  between  them.  Doing  this*  we  found  mean  differences  of 
+.5  db  and  -.7  db  and  standard  deviations  of  2.4  db  and  2.4  db 
at  2000  cps  and  4000  cps  respectively. 
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Utese  teat-retest  reliability  data  Indicate  that  conalatent  dif- 
ferences  between  pre-  and  post-exposure  audlogranui  of  but  2-3  db 
at  several  critical  test  frequencies  will  usually  be  found  with 
furtiMr  experimentation  t^o  be  statistically  reliable  differences 
and  presumably  attributable  to  sene  Interviewing  fastorj  such  as 
exposure  to  Intense  noise. 
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FIG.I  PHOTOGRAPH  OF 

a.  PHOTOFORMER  MASK 

b.  ELECTRICAL  OUTPUT  OF  AMPLIFIER 

c.  ACOUSTICAL  OUTPUT  OF  SPEAKER 
AS  SHOWN  ON  OSCILLOSCOPE 

Tha  horizontal  (time)  scale  in  b.  and  c.  is  0.2  mihisee per  div. 


FIG.  2  PRE-EXPOSUrcE  THRESHOLDS  AND  DIFFERENCE  BETWEEN  PRE  AND 
POST  EXPOSURE  THRESHOLDS  TO  IMPULSES  IN  DB 


THRESHOLD  SHIFT  IN  OB 
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SECONDS  AFTER  EXPOSURE 


FIG.  3  RECOVERY  CURVES  USED  IN  ESTIMATING  THE 
AMOUNT  OF  HEARING  LOSS  TWO  MINUTES 
AFTER  EXPOSURE  (TTSz)  FROM  MEASURE¬ 
MENTS  MADE  30  SECONDS  ETC.  AFTER 
EXPOSURE 


LEVEL  OF  PULSES  IN  DB 


IS  THE  SUBJECT  AND'THE  PEAK  TO  PEAK  LEVEL  OF  PULSES  IN  DB 


PEAK  TO  PEAK  LEVEL  OF  PULSES  IN  DB 
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90  Nl  iJIHS  OlOHSaWHx 


SUBJECTS  AT  2000  CPS  TWO  MINUTES  AFTER  EXPOSURE.  PARAMETER 
IS  THE  SUBJECT  AND  THE  PEAK  TO  PEAK  LEVEL  OF  PULSES  IN  DB 
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FIG.I6  AVERAGE  OF  SMOOTHED  CURVES  OF  FIG.  15  OVER  ALL  TEST  FREQUENCIES. 
parameter  ir  THE  SUBGROUP  OF  SUBJECTS. 


REPORT  NO  949 


-i  *',f  AV.-\ 


o 


o 


80  Nl  IJIHS  OlOHSSMHl 


o 


o 


FIG.  17  HYPOTHETICAL  RELAX  ION  BETWEEN  NUMBER  OF 
PULSES  AND  TTS, 
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PARAMETER  IS  THE  SUBGROUP  OF  SUBJECTS 
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FIG.21  AVERAGE  OF  TEMPORARY  THRESHOLD  SHIFTS  AT  4000  AND  4500  CPS  TWO 
MINUTES  AFTER  EXPOSURE  TO  TRIANGULAR  ACOUSTIC  TRANSIENT,  156,  162 
AND  168  DB  PEAK  TO  PEAK.  PARAMETER  IS  THE  SUBJECT  AND  NUMBER  OF 
PULSES.  REPETITION  RATE  IS  ONE  PULSE  PER  SECOND. 


2000 


FIG.22  AVERAGE  OF  TEfJ'PORARY  THRESHOLD  SHIFTS  OVER  ALL  SUBJECTS  TWO 
MINUTES  /'FTER  EXPOSURE  TO  TRIANGULAR  ACOUSTIC  TRANSIENTS, 

156,  162  AND  168  DB  PEAK  TO  PEAK.  PARAMETER  IS  THE  TEST  FREQUENCY. 


REPORT  NO.  949 


BOiT  BERANEk  R.  NEWMAN  INC 


fn  ^ 


po  K 

to  to 


to  M 
<Vi  to 


to  N. 

M  i'J 


CO  Oi 

—  CSi 


*2^0 


CD  ^ 


CM 

i/y 


to  N 
■f 


OJ  VM 
» 


K  to 

t  I 


TRIBUTION  OF  DIFFERENCES  BETWEEN  MEAN  OF  DIFFERENCES  AND 
FERENCES  BETWEEN  PRE  AND  POST  EXPOSURE.  AVERAGE  TTS- 
2000  AND  4000  CPS. 


FIG.  24  MEAN  OF  AVERAGE  DIFFERENCES  AT  2000-4000  CPS 

BETWEEN  1ST  PRE-EXPOSURE  AUDIOGRAM  AND  SUCCEEDING 
PRE-EXPOSURE  AUDIOGRAMS  FOR  EACH  SUBJECT 


